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Table. S1 Bacterial strains and plasmids used in this study
Strains and plasmids Genotypes or description Reference

E. coli strains
TOP10 F- Φ80lacZΔM15 ΔlacX74 recA1 Invitrogen
Rosetta(DE3) F− ompT hsdSB(rB

− mB
−) gal dcm lacY1 (DE3) Novagen

R/Hg-EBI
Rosetta(DE3) harboring Hg(II) biosensing construct pPmer-
CrtEBI with red carotenoid lycopene as pigment signal

This study

R/Hg-EBIY
Rosetta(DE3) harboring Hg(II) biosensing construct pPmer-
CrtEBIY with an orange carotenoid β-carotene as pigment 
signal

This study

R/Hg-EBIY-4
Rosetta(DE3) harboring Hg(II) biosensing construct pPmer-
CrtEBIY-4 with an orange carotenoid β-carotene as pigment 
signal

This study

Plasmids
pET-21a AmpR, T7 promoter, lac operator Novagen

pPmer
pET-21a derivative containing merR and Pmer divergent 
promoter region cloned into BglII and XbaI sites

1

pET-crtEBI
pET-21a derivative containing the lycopene biosynthetic gene 
cluster (a tricistronic crtEBI unit) 

This study

pET-crtEBIY
pET-21a derivative containing the β-carotene biosynthetic 
gene cluster crtEBIY (a tricistronic crtEBI unit fused with crtY 
under the control of independent Pmer promoter ) 

This study

pPmer-crtEBI
pET-crtEBI derivative containing the lycopene biosynthetic 
module under the control of the Hg(II) sensory module

This study

pPmer-crtEBIY
pET-crtEBIY derivative containing the β-carotene biosynthetic 
module under the control of the Hg(II) sensory module

This study

pPmer-crtEBIY-4
pPmer-crtEBIY derivative containing crtE, crtB, crtI, and crtY 
under the control of independent Pmer promoter

This study



pPmer-crtEBI
AGATCTCTAAGGCATAGCTGACCTTGCCAGGCCTGCTTCGCCCTGTAGTGACGCGATCAACGGGCAGGAAACATTCCCCTTTCGTGCATGG
CAGGCGCACACGAGTTCAGACAGCACGGTTTCCATGCGCGCCAAGTCGGCCATCTTCTCGCGCACGTCCTTGAGCTTGTGTTCGGCCAGG
CTGCTGGCCTCCTCGCAGTGGGTGCCATCGTCGAGCCGCAACAGCTCGGCAATCTCGTCCAGACTGAACCCCAGCCGCTGTGCCGATTTC
ACGAATTTCACCCGAACCACGTCCGCCTCCCCATAGCGGCGGATGCTGCCGTAAGGCTTGTCCGGTTCCCGCAACAGGCCCTTGCGCTGA
TAGAAGCGGATTGTCTCCACGTTGACCCCGGCCGCCTTGGCAAAAACGCCAATGGTCAGGTTTTCCAAATTATTTTCCATATCGCTTGACTC
CGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAACGTTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAG
ATATACATATGACCGTGTGCGCGAAAAAACACGTTCACCTGACCCGTGATGCGGCTGAACAGCTGCTGGCGGATATCGATCGTCGTCTGGA
TCAGCTGCTGCCGGTGGAAGGTGAACGTGATGTTGTTGGCGCGGCGATGCGTGAAGGCGCGCTGGCGCCGGGTAAACGCATCCGTCCGA
TGCTGCTGCTGCTGACCGCTCGTGATCTGGGTTGCGCGGTTAGCCATGATGGCCTGCTGGATCTGGCGTGCGCTGTGGAAATGGTTCACG
CGGCTTCTCTGATCCTGGATGATATGCCGTGCATGGATGATGCAAAACTGCGTCGTGGCCGTCCGACCATTCACAGCCACTACGGCGAACA
CGTGGCGATCCTGGCGGCAGTTGCGCTGCTGTCTAAAGCGTTCGGCGTGATCGCGGATGCGGATGGCCTGACCCCGCTGGCGAAAAACC
GTGCGGTTTCTGAACTGTCCAACGCGATCGGTATGCAGGGCCTGGTTCAGGGTCAGTTCAAAGACCTGTCTGAAGGTGATAAACCGCGCTC
TGCGGAAGCGATCCTGATGACCAACCACTTCAAAACCAGCACCCTGTTCTGCGCAAGCATGCAGATGGCGAGCATCGTTGCGAACGCGTC
CTCTGAAGCGCGTGATTGCCTGCACCGTTTCAGCCTGGATCTGGGTCAGGCGTTCCAGCTGCTGGATGATCTGACCGATGGCATGACCGAT
ACCGGTAAAGATAGCAACCAGGATGCGGGTAAATCCACCCTGGTTAACCTGCTGGGCCCGCGTGCGGTTGAAGAACGCCTGCGTCAGCAC
CTGCAGCTGGCTAGCGAACACCTGAGCGCGGCGTGTCAGCACGGTCACGCGACCCAGCACTTCATCCAGGCGTGGTTCGATAAAAAACTG
GCGGCGGTTAGCTAAGAAGGAGATATACCATGAACAACCCGAGCCTGCTGAACCACGCGGTTGAAACTATGGCAGTTGGTTCTAAATCTTT
CGCGACCGCGAGCAAACTGTTCGATGCGAAAACCCGTCGTAGCGTTCTGATGCTGTACGCGTGGTGCCGTCACTGCGATGATGTTATCGAT
GATCAGACCCTGGGCTTCCAGGCGCGTCAGCCGGCGCTGCAGACCCCGGAACAGCGTCTGATGCAGCTGGAAATGAAAACCCGTCAGGC
GTACGCGGGCTCTCAGATGCACGAACCGGCGTTCGCGGCGTTCCAGGAAGTTGCGATGGCGCATGATATCGCACCGGCTTACGCCTTCGA
CCACCTGGAAGGTTTCGCGATGGATGTTCGTGAAGCGCAGTACTCCCAGCTGGATGATACCCTGCGCTACTGCTATCACGTGGCTGGTGTT
GTTGGTCTGATGATGGCGCAGATCATGGGTGTTCGTGATAACGCGACCCTGGATCGCGCATGCGATCTGGGCCTGGCGTTCCAGCTGACC
AACATTGCTCGTGATATCGTGGATGATGCACACGCTGGTCGTTGCTACCTGCCGGCTTCTTGGCTGGAACATGAAGGCCTGAACAAAGAAA
ACTACGCTGCGCCGGAAAACCGCCAGGCGCTGTCTCGTATCGCGCGTCGTCTGGTTCAGGAAGCGGAACCGTACTACCTGAGCGCGACC
GCGGGTCTGGCGGGCCTGCCGCTGCGTAGCGCGTGGGCGATCGCGACCGCGAAACAGGTTTACCGTAAAATCGGCGTTAAAGTGGAACA
GGCGGGTCAGCAGGCGTGGGATCAGCGTCAGAGCACTACCACCCCGGAAAAACTGACCCTGCTGCTGGCGGCGAGCGGCCAGGCGCTG
ACCTCTCGTATGCGTGCGCACCCGCCGCGTCCGGCGCACCTGTGGCAGCGTCCGCTGTAAGAAGGAGATATACCATGAAACCGACCACC
GTGATCGGTGCGGGCTTCGGTGGTCTGGCGCTGGCGATCCGTCTGCAGGCGGCGGGCATTCCGGTTCTGCTGCTGGAACAGCGTGATAA
ACCGGGTGGTCGTGCGTATGTTTACGAGGACCAGGGCTTCACCTTCGATGCGGGTCCGACCGTGATCACCGATCCGTCTGCGATCGAAGA
ACTGTTCGCGCTGGCTGGCAAACAGCTGAAAGAATACGTTGAACTGCTGCCGGTGACCCCGTTCTACCGTCTGTGCTGGGAAAGCGGTAAA
GTGTTCAACTACGATAACGATCAGACCCGTCTGGAAGCGCAGATCCAGCAGTTTAACCCGCGTGATGTTGAAGGTTACCGCCAGTTCCTGG
ATTACTCCCGTGCAGTTTTCAAAGAAGGCTATCTGAAACTGGGTACCGTTCCGTTCCTGAGCTTTCGTGATATGCTGCGTGCGGCGCCGCA
GCTGGCGAAACTGCAGGCTTGGCGTTCTGTTTACTCTAAAGTTGCTTCCTACATTGAAGATGAACACCTGCGCCAGGCGTTCTCTTTCCACT
CTCTGCTGGTTGGCGGTAACCCGTTCGCGACCAGCAGCATCTATACCCTGATTCACGCACTGGAACGCGAATGGGGTGTTTGGTTCCCGC
GTGGCGGCACCGGCGCACTGGTTCAGGGCATGATTAAACTGTTTCAGGATCTGGGTGGTGAAGTGGTGCTGAACGCGCGCGTGAGCCACA
TGGAAACCACCGGTAACAAAATCGAAGCTGTTCACCTGGAAGATGGTCGTCGTTTCCTGACCCAGGCGGTGGCGTCTAACGCTGATGTTGT
TCACACCTACCGTGACCTGCTGAGCCAGCACCCGGCGGCTGTTAAACAGTCCAACAAACTGCAGACCAAACGCATGAGCAACTCCCTGTTC
GTTCTGTACTTCGGTCTGAACCACCACCACGACCAGCTGGCGCACCACACCGTTTGCTTCGGCCCGCGCTACCGTGAACTGATCGATGAAA
TCTTCAACCACGATGGCCTGGCGGAAGATTTCTCCCTGTACCTGCACGCGCCGTGCGTGACCGATTCTTCCCTGGCGCCGGAAGGTTGCG
GCTCCTACTACGTTCTGGCGCCGGTTCCGCACCTGGGTACCGCAAACCTGGACTGGACCGTGGAAGGTCCGAAACTGCGTGATCGTATCT
TCGCCTACCTGGAACAGCACTACATGCCGGGTCTGCGCTCCCAGCTGGTTACCCACCGTATGTTCACCCCGTTCGATTTCCGTGATCAGCT
GAACGCGTACCACGGCTCCGCGTTCAGTGTTGAACCGGTTCTGACCCAGAGCGCGTGGTTCCGTCCGCACAACCGTGATAAAACCATCAC
CAACCTGTACCTGGTTGGTGCTGGTACCCATCCGGGCGCGGGTATTCCGGGCGTTATCGGTTCCGCTAAAGCGACCGCGGGCCTGATGCT
GGAAGATCTGATCTAAGAGCTC

pPmer-crtEBIY 
AGATCTCTAAGGCATAGCTGACCTTGCCAGGCCTGCTTCGCCCTGTAGTGACGCGATCAACGGGCAGGAAACATTCCCCTTTCGTGCATGG
CAGGCGCACACGAGTTCAGACAGCACGGTTTCCATGCGCGCCAAGTCGGCCATCTTCTCGCGCACGTCCTTGAGCTTGTGTTCGGCCAGG
CTGCTGGCCTCCTCGCAGTGGGTGCCATCGTCGAGCCGCAACAGCTCGGCAATCTCGTCCAGACTGAACCCCAGCCGCTGTGCCGATTTC
ACGAATTTCACCCGAACCACGTCCGCCTCCCCATAGCGGCGGATGCTGCCGTAAGGCTTGTCCGGTTCCCGCAACAGGCCCTTGCGCTGA
TAGAAGCGGATTGTCTCCACGTTGACCCCGGCCGCCTTGGCAAAAACGCCAATGGTCAGGTTTTCCAAATTATTTTCCATATCGCTTGACTC
CGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAACGTTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAG
ATATACATATGACCGTGTGCGCGAAAAAACACGTTCACCTGACCCGTGATGCGGCTGAACAGCTGCTGGCGGATATCGATCGTCGTCTGGA
TCAGCTGCTGCCGGTGGAAGGTGAACGTGATGTTGTTGGCGCGGCGATGCGTGAAGGCGCGCTGGCGCCGGGTAAACGCATCCGTCCGA
TGCTGCTGCTGCTGACCGCTCGTGATCTGGGTTGCGCGGTTAGCCATGATGGCCTGCTGGATCTGGCGTGCGCTGTGGAAATGGTTCACG
CGGCTTCTCTGATCCTGGATGATATGCCGTGCATGGATGATGCAAAACTGCGTCGTGGCCGTCCGACCATTCACAGCCACTACGGCGAACA
CGTGGCGATCCTGGCGGCAGTTGCGCTGCTGTCTAAAGCGTTCGGCGTGATCGCGGATGCGGATGGCCTGACCCCGCTGGCGAAAAACC
GTGCGGTTTCTGAACTGTCCAACGCGATCGGTATGCAGGGCCTGGTTCAGGGTCAGTTCAAAGACCTGTCTGAAGGTGATAAACCGCGCTC
TGCGGAAGCGATCCTGATGACCAACCACTTCAAAACCAGCACCCTGTTCTGCGCAAGCATGCAGATGGCGAGCATCGTTGCGAACGCGTC
CTCTGAAGCGCGTGATTGCCTGCACCGTTTCAGCCTGGATCTGGGTCAGGCGTTCCAGCTGCTGGATGATCTGACCGATGGCATGACCGAT
ACCGGTAAAGATAGCAACCAGGATGCGGGTAAATCCACCCTGGTTAACCTGCTGGGCCCGCGTGCGGTTGAAGAACGCCTGCGTCAGCAC
CTGCAGCTGGCTAGCGAACACCTGAGCGCGGCGTGTCAGCACGGTCACGCGACCCAGCACTTCATCCAGGCGTGGTTCGATAAAAAACTG
GCGGCGGTTAGCTAAGAAGGAGATATACCATGAACAACCCGAGCCTGCTGAACCACGCGGTTGAAACTATGGCAGTTGGTTCTAAATCTTT
CGCGACCGCGAGCAAACTGTTCGATGCGAAAACCCGTCGTAGCGTTCTGATGCTGTACGCGTGGTGCCGTCACTGCGATGATGTTATCGAT
GATCAGACCCTGGGCTTCCAGGCGCGTCAGCCGGCGCTGCAGACCCCGGAACAGCGTCTGATGCAGCTGGAAATGAAAACCCGTCAGGC
GTACGCGGGCTCTCAGATGCACGAACCGGCGTTCGCGGCGTTCCAGGAAGTTGCGATGGCGCATGATATCGCACCGGCTTACGCCTTCGA
CCACCTGGAAGGTTTCGCGATGGATGTTCGTGAAGCGCAGTACTCCCAGCTGGATGATACCCTGCGCTACTGCTATCACGTGGCTGGTGTT
GTTGGTCTGATGATGGCGCAGATCATGGGTGTTCGTGATAACGCGACCCTGGATCGCGCATGCGATCTGGGCCTGGCGTTCCAGCTGACC
AACATTGCTCGTGATATCGTGGATGATGCACACGCTGGTCGTTGCTACCTGCCGGCTTCTTGGCTGGAACATGAAGGCCTGAACAAAGAAA
ACTACGCTGCGCCGGAAAACCGCCAGGCGCTGTCTCGTATCGCGCGTCGTCTGGTTCAGGAAGCGGAACCGTACTACCTGAGCGCGACC
GCGGGTCTGGCGGGCCTGCCGCTGCGTAGCGCGTGGGCGATCGCGACCGCGAAACAGGTTTACCGTAAAATCGGCGTTAAAGTGGAACA
GGCGGGTCAGCAGGCGTGGGATCAGCGTCAGAGCACTACCACCCCGGAAAAACTGACCCTGCTGCTGGCGGCGAGCGGCCAGGCGCTG
ACCTCTCGTATGCGTGCGCACCCGCCGCGTCCGGCGCACCTGTGGCAGCGTCCGCTGTAAGAAGGAGATATACCATGAAACCGACCACC
GTGATCGGTGCGGGCTTCGGTGGTCTGGCGCTGGCGATCCGTCTGCAGGCGGCGGGCATTCCGGTTCTGCTGCTGGAACAGCGTGATAA
ACCGGGTGGTCGTGCGTATGTTTACGAGGACCAGGGCTTCACCTTCGATGCGGGTCCGACCGTGATCACCGATCCGTCTGCGATCGAAGA
ACTGTTCGCGCTGGCTGGCAAACAGCTGAAAGAATACGTTGAACTGCTGCCGGTGACCCCGTTCTACCGTCTGTGCTGGGAAAGCGGTAAA



GTGTTCAACTACGATAACGATCAGACCCGTCTGGAAGCGCAGATCCAGCAGTTTAACCCGCGTGATGTTGAAGGTTACCGCCAGTTCCTGG
ATTACTCCCGTGCAGTTTTCAAAGAAGGCTATCTGAAACTGGGTACCGTTCCGTTCCTGAGCTTTCGTGATATGCTGCGTGCGGCGCCGCA
GCTGGCGAAACTGCAGGCTTGGCGTTCTGTTTACTCTAAAGTTGCTTCCTACATTGAAGATGAACACCTGCGCCAGGCGTTCTCTTTCCACT
CTCTGCTGGTTGGCGGTAACCCGTTCGCGACCAGCAGCATCTATACCCTGATTCACGCACTGGAACGCGAATGGGGTGTTTGGTTCCCGC
GTGGCGGCACCGGCGCACTGGTTCAGGGCATGATTAAACTGTTTCAGGATCTGGGTGGTGAAGTGGTGCTGAACGCGCGCGTGAGCCACA
TGGAAACCACCGGTAACAAAATCGAAGCTGTTCACCTGGAAGATGGTCGTCGTTTCCTGACCCAGGCGGTGGCGTCTAACGCTGATGTTGT
TCACACCTACCGTGACCTGCTGAGCCAGCACCCGGCGGCTGTTAAACAGTCCAACAAACTGCAGACCAAACGCATGAGCAACTCCCTGTTC
GTTCTGTACTTCGGTCTGAACCACCACCACGACCAGCTGGCGCACCACACCGTTTGCTTCGGCCCGCGCTACCGTGAACTGATCGATGAAA
TCTTCAACCACGATGGCCTGGCGGAAGATTTCTCCCTGTACCTGCACGCGCCGTGCGTGACCGATTCTTCCCTGGCGCCGGAAGGTTGCG
GCTCCTACTACGTTCTGGCGCCGGTTCCGCACCTGGGTACCGCAAACCTGGACTGGACCGTGGAAGGTCCGAAACTGCGTGATCGTATCT
TCGCCTACCTGGAACAGCACTACATGCCGGGTCTGCGCTCCCAGCTGGTTACCCACCGTATGTTCACCCCGTTCGATTTCCGTGATCAGCT
GAACGCGTACCACGGCTCCGCGTTCAGTGTTGAACCGGTTCTGACCCAGAGCGCGTGGTTCCGTCCGCACAACCGTGATAAAACCATCAC
CAACCTGTACCTGGTTGGTGCTGGTACCCATCCGGGCGCGGGTATTCCGGGCGTTATCGGTTCCGCTAAAGCGACCGCGGGCCTGATGCT
GGAAGATCTGATCTAAGAGCTCATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAACG
TTTAAGGAGGTAAAAAAAATGCAGCCGCACTACGATCTGATCCTGGTGGGCGCGGGCCTGGCGAACGGTCTGATCGCGCTGCGTCTGCAG
CAGCAGCAGCCGGATATGCGCATCCTGCTGATCGACGCGGCGCCGCAGGCGGGCGGCAACCACACCTGGAGCTTCCACCACGATGATCT
GACCGAATCTCAGCACCGTTGGATCGCTCCGCTGGTTGTTCATCACTGGCCGGATTACCAGGTGCGTTTCCCGACCCGTCGTCGTAAACTG
AACTCCGGTTACTTCTGCATCACTAGCCAGCGCTTCGCGGAAGTGCTGCAGCGTCAGTTCGGCCCGCACCTGTGGATGGACACCGCGGTT
GCGGAAGTGAACGCGGAATCCGTTCGTCTGAAAAAAGGTCAGGTTATCGGCGCTCGTGCGGTGATCGATGGTCGCGGCTACGCTGCTAAC
AGCGCGCTGAGCGTTGGCTTCCAGGCATTCATCGGTCAGGAATGGCGTCTGTCTCACCCGCACGGCCTGAGCAGCCCGATCATCATGGAT
GCGACCGTTGATCAGCAGAACGGTTACCGCTTCGTTTATAGCCTGCCGCTGTCCCCGACCCGTCTGCTGATCGAAGATACCCACTACATCG
ATAACGCGACTCTGGATCCGGAATGCGCGCGCCAGAACATCTGCGATTACGCGGCCCAGCAGGGTTGGCAGCTGCAGACCCTGCTGCGT
GAAGAACAGGGCGCGCTGCCGATCACTCTGTCTGGCAACGCGGATGCGTTCTGGCAGCAGCGTCCGCTGGCATGCAGCGGCCTGCGTGC
CGGCCTGTTCCACCCGACCACCGGCTACTCCCTGCCGCTGGCGGTTGCGGTGGCTGATCGTCTGTCTGCGCTGGATGTTTTCACCTCCGC
TTCCATCCACCACGCGATCACCCACTTCGCTCGTGAACGTTGGCAGCAGCAGGGCTTCTTCCGTATGCTGAACCGTATGCTGTTCCTGGCA
GGTCCGGCTGATAGCCGTTGGCGTGTGATGCAGCGCTTCTATGGTCTGCCGGAGGATCTGATCGCGCGCTTCTACGCTGGTAAACTGACC
CTGACCGACCGCCTGCGTATCCTGAGCGGTAAACCGCCGGTTCCGGTTCTGGCGGCCCTGCAGGCGATCATGACCACCCACCGTTAA

pPmer-crtEBIY-4
AGATCTCTAAGGCATAGCTGACCTTGCCAGGCCTGCTTCGCCCTGTAGTGACGCGATCAACGGGCAGGAAACATTCCCCTTTCGTGCATGG
CAGGCGCACACGAGTTCAGACAGCACGGTTTCCATGCGCGCCAAGTCGGCCATCTTCTCGCGCACGTCCTTGAGCTTGTGTTCGGCCAGG
CTGCTGGCCTCCTCGCAGTGGGTGCCATCGTCGAGCCGCAACAGCTCGGCAATCTCGTCCAGACTGAACCCCAGCCGCTGTGCCGATTTC
ACGAATTTCACCCGAACCACGTCCGCCTCCCCATAGCGGCGGATGCTGCCGTAAGGCTTGTCCGGTTCCCGCAACAGGCCCTTGCGCTGA
TAGAAGCGGATTGTCTCCACGTTGACCCCGGCCGCCTTGGCAAAAACGCCAATGGTCAGGTTTTCCAAATTATTTTCCATATCGCTTGACTC
CGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAACGTTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAG
ATATACATATGACCGTGTGCGCGAAAAAACACGTTCACCTGACCCGTGATGCGGCTGAACAGCTGCTGGCGGATATCGATCGTCGTCTGGA
TCAGCTGCTGCCGGTGGAAGGTGAACGTGATGTTGTTGGCGCGGCGATGCGTGAAGGCGCGCTGGCGCCGGGTAAACGCATCCGTCCGA
TGCTGCTGCTGCTGACCGCTCGTGATCTGGGTTGCGCGGTTAGCCATGATGGCCTGCTGGATCTGGCGTGCGCTGTGGAAATGGTTCACG
CGGCTTCTCTGATCCTGGATGATATGCCGTGCATGGATGATGCAAAACTGCGTCGTGGCCGTCCGACCATTCACAGCCACTACGGCGAACA
CGTGGCGATCCTGGCGGCAGTTGCGCTGCTGTCTAAAGCGTTCGGCGTGATCGCGGATGCGGATGGCCTGACCCCGCTGGCGAAAAACC
GTGCGGTTTCTGAACTGTCCAACGCGATCGGTATGCAGGGCCTGGTTCAGGGTCAGTTCAAAGACCTGTCTGAAGGTGATAAACCGCGCTC
TGCGGAAGCGATCCTGATGACCAACCACTTCAAAACCAGCACCCTGTTCTGCGCAAGCATGCAGATGGCGAGCATCGTTGCGAACGCGTC
CTCTGAAGCGCGTGATTGCCTGCACCGTTTCAGCCTGGATCTGGGTCAGGCGTTCCAGCTGCTGGATGATCTGACCGATGGCATGACCGAT
ACCGGTAAAGATAGCAACCAGGATGCGGGTAAATCCACCCTGGTTAACCTGCTGGGCCCGCGTGCGGTTGAAGAACGCCTGCGTCAGCAC
CTGCAGCTGGCTAGCGAACACCTGAGCGCGGCGTGTCAGCACGGTCACGCGACCCAGCACTTCATCCAGGCGTGGTTCGATAAAAAACTG
GCGGCGGTTAGCTAAATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAACGTGAAGG
AGATATACCATGAACAACCCGAGCCTGCTGAACCACGCGGTTGAAACTATGGCAGTTGGTTCTAAATCTTTCGCGACCGCGAGCAAACTGTT
CGATGCGAAAACCCGTCGTAGCGTTCTGATGCTGTACGCGTGGTGCCGTCACTGCGATGATGTTATCGATGATCAGACCCTGGGCTTCCAG
GCGCGTCAGCCGGCGCTGCAGACCCCGGAACAGCGTCTGATGCAGCTGGAAATGAAAACCCGTCAGGCGTACGCGGGCTCTCAGATGCA
CGAACCGGCGTTCGCGGCGTTCCAGGAAGTTGCGATGGCGCATGATATCGCACCGGCTTACGCCTTCGACCACCTGGAAGGTTTCGCGAT
GGATGTTCGTGAAGCGCAGTACTCCCAGCTGGATGATACCCTGCGCTACTGCTATCACGTGGCTGGTGTTGTTGGTCTGATGATGGCGCAG
ATCATGGGTGTTCGTGATAACGCGACCCTGGATCGCGCATGCGATCTGGGCCTGGCGTTCCAGCTGACCAACATTGCTCGTGATATCGTGG
ATGATGCACACGCTGGTCGTTGCTACCTGCCGGCTTCTTGGCTGGAACATGAAGGCCTGAACAAAGAAAACTACGCTGCGCCGGAAAACCG
CCAGGCGCTGTCTCGTATCGCGCGTCGTCTGGTTCAGGAAGCGGAACCGTACTACCTGAGCGCGACCGCGGGTCTGGCGGGCCTGCCGC
TGCGTAGCGCGTGGGCGATCGCGACCGCGAAACAGGTTTACCGTAAAATCGGCGTTAAAGTGGAACAGGCGGGTCAGCAGGCGTGGGAT
CAGCGTCAGAGCACTACCACCCCGGAAAAACTGACCCTGCTGCTGGCGGCGAGCGGCCAGGCGCTGACCTCTCGTATGCGTGCGCACCC
GCCGCGTCCGGCGCACCTGTGGCAGCGTCCGCTGTAAATCGCTTGACTCCGTACATGAGTACGGAAGTAAGGTTACGCTATCCAATCCAAA
TTCAAAAGGGCCAACGTGAAGGAGATATACCATGAAACCGACCACCGTGATCGGTGCGGGCTTCGGTGGTCTGGCGCTGGCGATCCGTCT
GCAGGCGGCGGGCATTCCGGTTCTGCTGCTGGAACAGCGTGATAAACCGGGTGGTCGTGCGTATGTTTACGAGGACCAGGGCTTCACCTT
CGATGCGGGTCCGACCGTGATCACCGATCCGTCTGCGATCGAAGAACTGTTCGCGCTGGCTGGCAAACAGCTGAAAGAATACGTTGAACT
GCTGCCGGTGACCCCGTTCTACCGTCTGTGCTGGGAAAGCGGTAAAGTGTTCAACTACGATAACGATCAGACCCGTCTGGAAGCGCAGATC
CAGCAGTTTAACCCGCGTGATGTTGAAGGTTACCGCCAGTTCCTGGATTACTCCCGTGCAGTTTTCAAAGAAGGCTATCTGAAACTGGGTAC
CGTTCCGTTCCTGAGCTTTCGTGATATGCTGCGTGCGGCGCCGCAGCTGGCGAAACTGCAGGCTTGGCGTTCTGTTTACTCTAAAGTTGCT
TCCTACATTGAAGATGAACACCTGCGCCAGGCGTTCTCTTTCCACTCTCTGCTGGTTGGCGGTAACCCGTTCGCGACCAGCAGCATCTATAC
CCTGATTCACGCACTGGAACGCGAATGGGGTGTTTGGTTCCCGCGTGGCGGCACCGGCGCACTGGTTCAGGGCATGATTAAACTGTTTCA
GGATCTGGGTGGTGAAGTGGTGCTGAACGCGCGCGTGAGCCACATGGAAACCACCGGTAACAAAATCGAAGCTGTTCACCTGGAAGATGG
TCGTCGTTTCCTGACCCAGGCGGTGGCGTCTAACGCTGATGTTGTTCACACCTACCGTGACCTGCTGAGCCAGCACCCGGCGGCTGTTAAA
CAGTCCAACAAACTGCAGACCAAACGCATGAGCAACTCCCTGTTCGTTCTGTACTTCGGTCTGAACCACCACCACGACCAGCTGGCGCACC
ACACCGTTTGCTTCGGCCCGCGCTACCGTGAACTGATCGATGAAATCTTCAACCACGATGGCCTGGCGGAAGATTTCTCCCTGTACCTGCA
CGCGCCGTGCGTGACCGATTCTTCCCTGGCGCCGGAAGGTTGCGGCTCCTACTACGTTCTGGCGCCGGTTCCGCACCTGGGTACCGCAAA
CCTGGACTGGACCGTGGAAGGTCCGAAACTGCGTGATCGTATCTTCGCCTACCTGGAACAGCACTACATGCCGGGTCTGCGCTCCCAGCT
GGTTACCCACCGTATGTTCACCCCGTTCGATTTCCGTGATCAGCTGAACGCGTACCACGGCTCCGCGTTCAGTGTTGAACCGGTTCTGACC
CAGAGCGCGTGGTTCCGTCCGCACAACCGTGATAAAACCATCACCAACCTGTACCTGGTTGGTGCTGGTACCCATCCGGGCGCGGGTATT
CCGGGCGTTATCGGTTCCGCTAAAGCGACCGCGGGCCTGATGCTGGAAGATCTGATCTAAGAGCTCATCGCTTGACTCCGTACATGAGTAC
GGAAGTAAGGTTACGCTATCCAATCCAAATTCAAAAGGGCCAACGTTTAAGGAGGTAAAAAAAATGCAGCCGCACTACGATCTGATCCTGGT
GGGCGCGGGCCTGGCGAACGGTCTGATCGCGCTGCGTCTGCAGCAGCAGCAGCCGGATATGCGCATCCTGCTGATCGACGCGGCGCCG
CAGGCGGGCGGCAACCACACCTGGAGCTTCCACCACGATGATCTGACCGAATCTCAGCACCGTTGGATCGCTCCGCTGGTTGTTCATCACT
GGCCGGATTACCAGGTGCGTTTCCCGACCCGTCGTCGTAAACTGAACTCCGGTTACTTCTGCATCACTAGCCAGCGCTTCGCGGAAGTGCT
GCAGCGTCAGTTCGGCCCGCACCTGTGGATGGACACCGCGGTTGCGGAAGTGAACGCGGAATCCGTTCGTCTGAAAAAAGGTCAGGTTAT
CGGCGCTCGTGCGGTGATCGATGGTCGCGGCTACGCTGCTAACAGCGCGCTGAGCGTTGGCTTCCAGGCATTCATCGGTCAGGAATGGC
GTCTGTCTCACCCGCACGGCCTGAGCAGCCCGATCATCATGGATGCGACCGTTGATCAGCAGAACGGTTACCGCTTCGTTTATAGCCTGCC
GCTGTCCCCGACCCGTCTGCTGATCGAAGATACCCACTACATCGATAACGCGACTCTGGATCCGGAATGCGCGCGCCAGAACATCTGCGAT



TACGCGGCCCAGCAGGGTTGGCAGCTGCAGACCCTGCTGCGTGAAGAACAGGGCGCGCTGCCGATCACTCTGTCTGGCAACGCGGATGC
GTTCTGGCAGCAGCGTCCGCTGGCATGCAGCGGCCTGCGTGCCGGCCTGTTCCACCCGACCACCGGCTACTCCCTGCCGCTGGCGGTTG
CGGTGGCTGATCGTCTGTCTGCGCTGGATGTTTTCACCTCCGCTTCCATCCACCACGCGATCACCCACTTCGCTCGTGAACGTTGGCAGCA
GCAGGGCTTCTTCCGTATGCTGAACCGTATGCTGTTCCTGGCAGGTCCGGCTGATAGCCGTTGGCGTGTGATGCAGCGCTTCTATGGTCTG
CCGGAGGATCTGATCGCGCGCTTCTACGCTGGTAAACTGACCCTGACCGACCGCCTGCGTATCCTGAGCGGTAAACCGCCGGTTCCGGTT
CTGGCGGCCCTGCAGGCGATCATGACCACCCACCGTTAA

Fig. S1 The pigment-based Hg(II) biosensing constructs used in this study. 

The lycopene biosynthetic gene cluster is comprised of crtE (909 bp), crtB (930 bp), 

and crtI (1479 bp). The β-carotene biosynthetic gene cluster is comprised of crtE (909 

bp), crtB (930 bp), crtI (1479 bp), and crtY (1149 bp). These pigment synthetic genes 

are initially from Pantoea ananatis (GenBank: D90087.2) and are regulated by the 

metalloregulator MerR.

Fig. S2 The visible absorbance curves of commercial β-carotene.

The capsule containing β-carotene was purchased from Puritan’s Pride (New York, 

USA). Contents of one capsule were extracted with 2 mL ethanol. The upper ethanol 



extract (sample 1), the double dilution (sample 2), and the ethanol extract of the cell 

pellets of host Rosetta(DE3) (sample 3) were scanned at wavelengths of 350-550 nm 

at intervals of 2 nm.

Fig. S3 Comparison of the response to Hg(II) in two bacterial biosensors. 

(A) Bacterial densities of R/Hg-EBIY and R/Hg-EBIY-4 after exposure to different 

concentrations of Hg(II). (B) The response intensity of R/Hg-EBIY and R/Hg-EBIY-4. 

The values shown are mean ± SD (n = 3).

 
Fig. S4 Bacterial densities of R/Hg-EBIY exposed to various metal ions after 

incubation at 37 °C for three hours.

(A) Bacterial densities after exposure to Pb(II), Cd(II), Zn(II), and Hg(II) at different 

concentrations. (B) Bacterial densities after exposure to 195 nM Hg(II) in 

combination with 6 μM divalent metal ions. Data shown are mean ± SD (n = 3).
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